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PREFACE. 


THOSE  sugar  planters  who  have  followed  the  old  sys- 
tem of  exhausting  the  soil  by  growing  cane  year  after 
year,  without  returning  any  plant  food  to  the  land  are  at 
last  brought  face  to  face  with  steadily  decreasing  yields  and 
diminishing  profits.  However  rich  a  soil  may  be  at  the 
beginning,  it  cannot  withstand  the  drain  of  producing  crops 
year  after  year  unless  there  be  returned  to  it  an  equivalent 
for  the  loss  of  plant  food  taken  away. 

The  suggestions  made  in  this  publication  are  to  help  the 
intelligent  sugar  planter  so  to  apply  fertilizers  as  to  pro- 
duce the  largest  and  most  profitable  returns.  It  is  worthy 
of  note  in  this  connection,  that  in  the  Island  of  Hawaii,  the 
high  state  of  development  of  the  cane  industry  is  due  prin- 
cipally to  the  thorough  and  progressive  methods  of  fertiliz- 
ing the  cultivated  ground  adopted  by  its  sugar  growers. 


NOTE. 

The  author  of  this  little  pamphlet  is  Prof.  J.  F.  C.  Hagens, 
Chief  Chemist  of  Messrs.  Hackfelt  &  Co.,  of  Honolulu, 
Hawaii.  He  is  a  recognized  authority  on  the  subject,  hav- 
ing had  a  long  and  successful  practical  experience  in  the 
cultivation  and  fertilization  of  Sugar  Cane.  Therefore, 
what  Prof.  Hagens  writes  should  be  of  value  and  interest  to 
sugar  planters  everywhere. 


INTRODUCTION. 

ALL  plants  require  certain  chemical  substances  or  ele- 
ments for  their  growth  and  development.  There  are 
about  fifteen  such  elements,  of  which  some  are  derived  from 
the  air  and  others  from  the  soil.  Each  chemical  element  is 
an  essential  one,  hence  all  are  of  equal  importance.  The 
air  and  earth  contain  most  plant  food  constituents  in  such 
abundance  as  to  make  their  artificial  application  unneces- 
sary, but  there  are  three — Phosphoric  Acid,  Nitrogen  and 
Potash — which  by  cropping  frequently  become  exhausted 
and  must  be  supplied  in  the  form  of  manures  and  fertilizers. 
These  three  constituents — Phosphoric  Acid,  Nitrogen  and 
Potash — comprise  what  is  commonly  called  manure,  fertil- 
izer or  plant  food.  The  value  of  a  fertilizer  is  estimated 
solely  by  the  amount  of  these  three  essential  ingredients 
it  contains.  Lime  is  frequently  used,  but  this  to  correct  a 
physical  or  chemical  defect  and  not  to  furnish  it  as  plant 
food  proper ;  most  soils  contain  enough  lime  to  feed  the 
plant  growing  upon  them.  In  other  words,  lime  is  used  for 
indirect  rather  than  direct  purposes. 

Plants  must  have  proper  proportions  of  Phosphoric 
Acid,  Nitrogen  and  Potash.  If  the  supply  of  any  one  be 
lacking,  the  crop  yield  falls  off  in  proportion.  No  over  sup- 
ply of  any  one  of  these  can  compensate  for  the  lack  of  any 
other,  but  different  plants  have  widely  different  needs,  and 


the  proper  proportions  of  these  three  essentials  depend  on 
the  crop  grown.  Each  one  has  a  separate  and  distinct  influ- 
ence ana  power  in  plant  growth.  Nitrogen  builds  the  frame 
work  of  the  plant ;  phosphoric  acid  promotes  maturity  of 
seeds  ;  potash  ripens  and  increases  the  formation  of  starch, 
fruit  pulp  and  sugar  compounds. 

Plants  obtain  their  nourishment  entirely  in  a  liquid 
form,  therefore,  in  order  that  from  the  beginning  fertilizers 
may  be  dissolved  so  as  to  be  ready  to  nourish  the  crop,  the 
soil  must  contain  an  ample  supply  of  water.  Furthermore, 
the  plant  food  itself,  whether  already  in  the  soil  or  artifici- 
ally supplied,  must  be  in  such  form  as  to  readily  dissolve  in 
the  water  of  the  soil.  A  few  illustrations  may  make  this 
all-important  point  clearer :  Crude  phosphate  rock  is  rich 
in  phosphoric  acid  in  an  insoluble  form  and  cannot,  there- 
fore, no  matter  how  abundant,  benefit  the  plant.  It  must 
first  be  made  soluble  by  a  chemical  process  (which  consists 
in  treating  it  with  sulphuric  acid)  before  it  is  of  any 
value  as  a  fertilizer.  Certain  materials,  such  as  refuse 
leather  and  wool,  contain  nitrogen,  but  in  such  an  insol- 
uble form  as  to  be  practically  useless  for  plant  food,  while 
nitrate  of  soda,  sulphate  of  ammonia,  dried  blood,  etc., 
which  contain  readily  available  nitrogen,  are  in  a  vegetation 
sense  valuable.  The  potash  contained  in  feldspar  or  other 
natural  rock  is  insoluble,  and  so  beyond  the  reach  of  the 
growing  plant,  but  the  Stassfurt  potash  salts,  such  as  sul- 
phate of  potash,  muriate  of  potash,  kainit,  etc.,  by  dissolving 
readily  in  the  soil  are  valuable  sources  for  potash. 


PLANT  FOOD  NEEDS  OF  SUGAR  CANE. 

A  CHEMICAL  analysis  reveals  the>amounts  of  nitrogen, 
potash  and  phosphoric  acid  a  plant  contains,  but  does 
not  and  cannot  precisely  estimate  the  quantities  of  these 
three  ingredients  that  a  plant  actually  requires,  because  a 
plant  absorbs  more  of  a  substance  than  is  actually  needed 
for  growth.  Allowing  for  this  plant  greed,  there  still  is  a 
marked  advantage  in  learning  by  analysis  the  relative  pro- 
portions of  these  three  essential  plant  foods,  phosphoric 
acid,  potash  and  nitrogen,  as  found  withdrawn  from  the  air 
and  soil  and  actually  stored  in  different  forms  of  plant  life. 
Dr.  Walter  Maxwell,  when  director  of  the  Hawaiian 
Sugar  Planters'  Experiment  Station,  1895  to  1900,  made  a 
thorough  investigation  of  the  plant  food  needs  of  sugar 
cane,  as  determined  by  chemical  analysis,  taking  for  investi- 
gation twelve  or  more  of  the  chief  types  of  cane  grown  in 
the  Islands.  In  his  investigation  the  roots  and  stubble  were 
disregarded,  the  analytical  work  being  confined  to  ''tops, 
leaves  and  dead  cane,"  and  to  "cane,"  the  latter  meaning 
cane  prepared  for  the  crusher.  Three  of  the  samples 
selected  were  so  low  in  tonnage  as  to  seriously  affect  the 
average,  and  were  left  out  of  the  tables.  On  a  basis  of  yp^ 
water,  the  yield  per  acre  was  as  follows: 

Stripped  Cane, 91  07  short  tons. 

Tops,  Leaves,  Dead  Canes,  .   100.78      "        " 
Sugar,  per  acre, ^3-^3      '*        " 
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The  actual  plant  food  contained  in  this  yield,  averaged 
for  the  ten  varieties,  is  given  in  the  following  table: 


Nitrogen. 

Potash. 

Phos.  Acid 

Stripped  Cane, 

203  lbs. 

604  lbs. 

120  lbs. 

Tops,  Leaves,  etc. 

298     " 

1158   - 

97  " 

Total,         501  lbs.       1762  lbs.         217  lbs. 

All  these  test  crops  were  grown  on  land  of  uniform 
character  and  under  conditions  as  nearly  equal  as  possible. 

The  tops,  leaves  and  dead  canes  are  usually  left  to  rot 
or  burn  on  the  field,  so  that  more  or  less  of  this  plant  food 
refuse,  or  its  ashes,  is  returned  to  the  soil.  In  either  the 
rotting  or  burning  process  there  are  heavy  losses,  through 
drainage,  siepage,  etc.,  and  the  burning  is  the  more  waste- 
ful A  part  of  the  potash  and  phosphoric  acid  contained 
in  the  stripped  cane  is  returned  to  the  soil  in  the  form  of 
begasse  ash. 

One  great  value  of  the  foregoing  tables  is  that  they 
determine  the  ratio  of  the  three  elements  of  plant  food  nec- 
essary for  sugar  cane.  Placing  nitrogen  at  100,  this  ratio  is 
as  follows; 

Nitrogen, 100 

Potash,        351 

Phos.  Acid, 43 

That  is,  growing  cane  takes  up  351  pounds  of  potash 
and  43  pounds  of  phosphoric  acid  to  every  100  pounds  of 
nitrogen.     The  yield  of  sugar  per  acre  was  13.83  tons,  com- 
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puted  in  plant  food  per  ton  as — nitrogen  ;^6  pounds,  potash 
127  pounds  and  phosphoric  acid  i6  pounds. 

These  experiments,  the  results  of  which  are  worked  out 
and  set  forth  in  these  tables,  may  be  relied  upon  as  per- 
fectly accurate  and  universally  applying  to  cane  in  the 
tropics.  These  figures  ought  not  to  be  followed  literally  in 
making  up  fertilizer  mixtures,  but  should  serve  as  in  a 
measure  indicating  proportions.  The  quantity  of  plant  food 
is  certainly  not  less  important  than  the  quality,  if  soil  fer- 
tility is  to  be  kept  up. 


HOW  FAR  IS  A  SOIL  ABLE  TO 

MEET  THE  REQUIREMENTS  OF  CONTINUED 

CANE  CULTURE? 

From  what  has  previously  been  said,  it  may  be  inferred 
that  no  cultivated  soil  will  become  absolutely  barren.  This 
is  borne  out  by  the  fact  that  many  soils  which  have  been 
cultivated  for  centuries  without  ever  having  been  properly 
manured  are  still  giving  moderate  returns.  This  is  due  to 
the  constant  renovation  and  restoration  of  the  soil  in  itself. 
A  gradual  disintegration  and  decomposition  of  the  coarser 
particles  and  the  raw  subsoil  takes  place.  Weathering,  as 
it  is  called,  brings  a  certain  amount  of  plant  food  slowly 
but  constantly  within  the  reach  of  vegetation,  and  this 
process  is  hastened  somewhat  by  frequent  stirring  or  culti- 
vation. Unfortunately,  this  renovation  does  not  keep  pace 
with  or  counterbalance  the  losses  caused  by  the  removal  of 
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crops  unless  there  be  a  frequent  fallowing,  and  there  must 
always  remain  a  large  proportion  of  the  plant  food  of  the 
soil  inaccessible  to  the  roots  of  the  crop  because  it  is  in 
insoluble  form.  This  is  often  the  case  with  nitrogen  as 
well  as  with  the  mineral  fertilizers — phosphoric  acid  and 
potash. 

The  practical,  economical,  progressive  planter  studies  the 
nature  and  needs  of  his  soil,  with  especial  regard  to  the 
three  plant  food  elements,  potash,  phosphoric  acid  and 
nitrogen,  and  often  finds  a  chemical  analysis  a  paying 
investment  in  his  studies.  It  is  comparatively  easy  by 
chemical  analysis  to  determine  the  actual  amount  or  per- 
centage of  plant  food  in  a  soil,  but  how  much  of  this  is 
*' immediately  available  "  for  the  plants  is  always  more  or 
less  of  a  conjecture.  Several  chemical  methods  designed 
to  solve  this  problem  have  been  recently  proposed,  but  in 
their  practical  application  numerous  obstacles  are  met. 
Briefly,  then,  a  chemical  analysis  is  valuable  as  determining 
the  actual  composition  of  the  soil,  but  it  does  not  show 
what  elements  or  parts  are  in  the  form  necessary  to  feed 
the  plants  under  consideration  or  even  vegetation  generally. 
Without  this  analysis,  the  wise  and  more  satisfactory  way  to 
investigate  the  deficiencies  of  a  soil  in  potash,  phosphoric 
acid  and  nitrogen  is  by  applying  each  one  singly  and  then 
in  combination  and  note  the  effect  on  the  growing  crop  and 
its  yield.  For  example:  use  on  one-tenth  of  an  acre,  accur- 
ately measured,  a  mixture  composed  of  phosphoric  acid  and 
potash,  and  upon  an  adjoining  tenth,  having  the  same  char- 
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acter  of  soil,  the  same  combination  (phosphoric  acid  and 
potash)  with  a  certain  quantity  of  nitrogen  added,  and  com- 
pare the  yields,  accurately  weighed,  of  these  plots.  If  no 
increase  be  produced  upon  the  second  plot  it  indicates  that 
an  ample  supply  of  nitrogen  is  contained  in  the  soil ;  if,  on 
the  other  hand,  there  be  an  increase,  it  is  safe  to  assume 
that  at  least  a  part  of  it  is  due  to  the  added  nitrogen.  This 
field  experimenting  has  the  double  advantage,  that  it  can 
be  carried  out  by  any  planter  with  little  trouble  and 
expense  and  the  knowledge  gained  may  be  of  great  practi- 
cal value,  even  leading  the  way  to  great  money  gains  in  the 
full  field  crop.  A  good  plan  for  such  a  field  experiment  is 
to  select  a  small  tract,  say  one  acre,  and  to  divide  it  into 
eight  uniform  plots  of  one-tenth  of  an  acre  each.  The  land 
selected  should  be  level  and  uniform  in  character  and  con- 
dition. The  planting  and  after  treatment  should  be  scrup- 
ulously the  same  in  all  the  plots.  The  following  plan  for  a 
fertilizer  experiment  is  suggested: 

Plot.       Fertilizer.  Plot.  Fertilizer. 

1  No  Fertilizer.  5    Potash,    Nitrogen,    Phos- 

2  Potash  and  Nitrogen.  phoric  Acid. 

3  Potash  and  Phosphoric  6    Same  as  No.  5,  but  Potash 

Acid.  doubled. 

4  Nitrogen  and  Phosphoric      7    Double  No.  5. 

Acid.  8   No  Fertilizer. 

In  detail,  the  applications  suggested  are  as  follows,  keep- 
ing in  mind  that  the  area  is  but  one-tenth  of  an  acre  for 
each  plot: 


i8 


FERTILIZING    SUGAR    CANE 


1. 

No  Fertilizer. 

2. 

i6  lbs. 
50    " 

Nitrogen : 
Potash: 

100  lbs.  Nitrate  of  Soda. 
100    "    Sulphate  of  Potash. 

3. 

50  lbs. 
14     " 

Potash : 
Phos.  Acid: 

100  lbs.  Sulphate  of  Potash. 
100    "    Acid  Phosphate. 

4. 

16  lbs. 
14    " 

Nitrogen: 
Phos.  Acid: 

100  lbs.  Nitrate  of  Soda. 
100    "    Acid  Phosphate. 

5. 

16  lbs. 
50    •• 
14    " 

Nitrogen : 
Potash : 
Phos.  Acid: 

100  lbs.  Nitrate  of  Soda. 
100    "    Sulphate  of  Potash. 
100    "    Acid  Phosphate. 

6. 

16  lbs. 
100    •' 
14    " 

Nitrogen: 
Potash: 
Phos.  Acid: 

100  lbs.  Nitrate  of  Soda. 
200    "     Sulphate  of  Potash. 
100    "     Acid  Phosphate. 

7. 

32  lbs. 
100    " 
28    " 

Nitrogen : 
Potash: 
Phos.  Acid: 

200  lbs.  Nitrate  of  Soda. 
200    "    Sulphate  of  Potash. 
200    '•    Acid  Phosphate. 

Fertilising  sugar  caNe  21 

Plots  I  and  8  are  unfertilized  and  show  the  yield  without 
any  fertilizer  of  any  kind.  Plots  2,  3  and  4  show  if  the  soil 
contains  in  sufficient  quantities  any  of  the  plant  food  ele- 
ments, for  example:  if  the  soil  be  sufficiently  rich  in  phos- 
phoric acid,  plot  2  will  give  a  yield  as  good  as  plot  5.  Plot 
6  indicates  the  relative  abundance  or  any  great  exhaustion 
of  potash,  which  is  always  probable  in  cane  lands  under 
crop.  Plot  7  is  to  test  the  relative  results  of  a  heavy  or 
medium  use  of  fertilizers.  Great  care  must  be  exercised  in 
exactly  measuring  the  resulting  crops,  otherwise  the  relative 
value  of  the  various  combinations  of  plant  food  cannot  be 
determined. 


TREATMENT  OF  SOIL  FOR  ECONOMICAL 

YIELDS. 

The  capable,  conservative  planter  strives  to  preserve 
and  even  improve  the  fertility  of  his  soil.  Continued  cul- 
ture of  sugar  cane  on  the  same  land  without  some  system- 
atic restoration  of  all,  or  certainly  of  the  enormous  quantity 
of  valuable  and  indispensable  plant  food  removed  by  the 
crops,  leads  to  soil  impoverishment  and  unprofitable  cul- 
ture. It  is  far  more  difficult  and  expensive  to  build  up  and 
restore  a  "run  down"  soil  than  to  maintain  an  original 
fertility  and  even  improve  a  crop-producing  power  by 
proper  treatment  and  attention  from  the  beginning. 

Where  the  only  crop  is  sugar  cane,  the  amount  of  plant 
food  per  acre  annually  removed  can  easily  be  ascertained 
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by  weighing  the  crop  and  calculating  the  amount  of  phos- 
phoric acid,  nitrogen  and  potash  it  contains.  As  shown  on 
previous  pages,  the  quantities  of  plant  food  so  removed  are 
enormous,  and  especially  does  the  cane  crop  exhaust  the 
soil  of  potash.  Next  to  potash  in  importance  comes  nitro- 
gen, while  phosphoric  acid  is  least  required.  These  facts 
should  have  thoughtful  and  marked  consideration  in  manur- 
ing for  the  cane  crop,  but  cannot  be  taken  as  an  unmodified 
guide  for  the  reason  that  some  plant  food  existing  in  the 
soil,  is  continuously  becoming  available  through  natural 
changes.  It  is  not  necessary  to  restore  to  the  land  all  the 
plant  food  removed  by  the  crop,  and  long  observation  and 
experience  is  here  the  best  guide. 

In  manuring  the  cane  crop,  planters  generally  use  phos- 
phoric acid,  potash  and  nitrogen  in  about  equal  proportions, 
making  such  variations  only  as  the  peculiarities  of  the  soil 
seem  to  require.  Under  average  conditions  from  i,ooo  to 
1,500  pounds  of  a  fertilizer  containing  7)^  percent,  of  phos- 
phoric acid,  "]%  per  cent,  of  nitrogen  and  lo  per  cent,  of 
potash,  produce  satisfactory  results.  A  ton  of  fertilizer  of 
this  grade  corresponds  approximately  to  a  mixture  of  900 
pounds  acid  phosphate,  400  pounds  sulphate  of  potash  and 
700  pounds  sulphate  of  ammonia. 

The  time  and  form  of  applying  fertilizers  to  sugar  cane 
is  important,  for  the  crop  demands  an  abundance  of  plant 
food  in  the  early  stages  of  growth.  For  this  reason  con- 
centrated and  easily  soluble  fertilizer  ingredients,  like  sul- 
phate of  ammonia,  nitrate  of  soda,  high  grade  superphos- 
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phate  and  sulphate  of  potash,  generally  deserve  preference. 
To  select  a  proper  and  economical  fertilizer  sound  discretion 
must  be  exercised;  the  texture  of  the  soil  must  be  consid- 
ered. On  light  soils  it  is  often  prudent  to  use  the  less  solu- 
ble fertilizers  to  avoid  loss  of  soluble  plant  food  through 
leaching. 

The  manner  of  applying  fertilizer  varies  with  the  special 
conditions  of  soil  and  climate.  All  fertilizers  may  safely  be 
applied  before  planting,  in  places  of  low  rainfall  where  irri- 
gation is  practiced,  and  on  rattoons  immediately  after  the 
crop  has  been  removed.  In  rainy  districts,  and  especially 
on  sandy  or  porous  soils,  it  is  advisable  to  apply  small  quan- 
tities at  intervals.  An  additional  top  dressing  of  about  150 
to  250  pounds  of  nitrate  of  soda  per  acre,  after  the  cane  is 
well  started,  is  often  very  beneficial. 


COMMERCIAL  FERTILIZERS. 

The  value  of  a  fertilizer  is  determined,  as  explained  pre- 
viously, by  the  amount  of  phosphoric  acid,  nitrogen  and 
potash  which  it  contains.  The  sources  of  these  essential 
elements  of  plant  food  are  worthy  of  attentive  consideration. 
Commercial  fertilizers  are  generally  classified  according  to 
the  materials  used  in  their  manufacture,  as  phosphoric  acid, 
nitrogen  or  potash  is  their  strongest  ingredient,  into  phos- 
phatic,  nitrogenous  and  potash  manures. 
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PHOSPHATIC  MANURES* 

Phosphates.  The  names  of  these  are  usually  derived 
from  and  designate  localities  from  which  they  come,  as 
South  Carolina  Rock,  Florida  Rock,  Tennessee  Rock, 
West  India  Rock,  etc.  Rock  deposits  contain  anywhere 
from  25  to  40  per  cent,  of  insoluble  phosphoric  acid. 

Acid  Phosphate  or  Superphosphate  is  manufactured 
from  rock  phosphate  by  treating  it  with  sulphuric  acid  to 
render  the  phosphoric  acid  soluble  and  available.  Acid 
phosphate  contains  from  12  to  20  per  cent,  available  phos- 
phoric acid. 

Guanos  generally  consist  of  the  dung  of  sea-f  jwls, 
though  the  term  is  applied  to  other  animal  products.  The 
natural  guanos  contain  phosphoric  acid  and  nitrogen,  but 
those  which  are  called  phosphatic  contain  little  or  no  nitro- 
gen and  are  valuable  for  their  phosphoric  acid  only.  True 
guanos  come  mainly  from  islands  in  the  Pacific  Ocean, 
Caribbean  Sea  and  West  India  Islands. 

Bone  Meal  is  known  under  several  names,  such  as 
ground  bone,  bone  dust,  etc.  Raw  bone  meal  does  not 
readily  dissolve  in  the  soil,  because  it  contains  fat,  which 
retards  decomposition.  For  use  in  its  raw  state  bone  should 
be  finely  ground — the  finer  the  better — to  hasten  its  decay 
and  free  its  phosphoric  acid  and  nitrogen.  Bone  meal  con- 
tains on  an  average  from  3  to  5  percent,  nitrogen  and  from 
20  to   25    per  cent,   phosphoric   acid.     When   treated  with 
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sulphuric  acid,  it  is  commonly  called  dissolved  bone,  and 
the  phosphoric  acid  is  then  readily  available. 

Bone  Black,  known  also  as  bone  charcoal,  after  it  has 
been  used  in  refining  sugar,  is  sold  as  a  fertilizer.  It  is  pro- 
duced by  heating  bone  in  closed  vessels.  After  fat,  water 
and  nitrogen  are  driven  off,  the  remaining  bone  black 
consists  of  insoluble  phosphate  of  lime  and  charcoal. 
Although  there  is  about  30  per  cent,  phosphoric  acid  in 
bone  black  it  is  insoluble,  and  to  render  it  useful  as  a  fertil- 
izer it  must  be  "acidulated,"  producing  what  is  called  "dis- 
solved bone  black,"  and  which  contains  15  to  18  per  cent, 
available  phosphoric  acid. 


NITROGENOUS   MANURES, 

Nitrate  of  Soda,  commonly  called  "  Chilisaltpeter,"  is 
the  most  soluble  of  all  nitrogen  fertilizers,  and  must  be  used 
with  caution,  especially  on  light  soils  where  it  is  likely  or 
liable  to  be  carried  away  by  rains  or  the  waters  in  the  soil. 
It  is  quick  in  action,  and  should  be  used  from  time  to  time 
as  the  growing  plants  need  it  and  can  make  immediate  use 
of  it.  Nitrate  of  soda  contains  about  15/i  to  16  per  cent,  of 
nitrogen. 

Sulphate  of  Ammonia  is  a  waste  product  in  the  manu- 
facture of  gas.  It  contains  about  25  per  cent,  of  ammonia, 
which  is  equivalent  to  2o3^  per  cent,  nitrogen. 

Cotton  Seed  Meal  is  dried,  ground  cotton  seed  after 
their  oil  has  been  extracted  by  pressure.     It  contains  about 
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7  per  cent,  nitrogen,  3  per  cent,  phosphoric  acid  and  2  per 
cent,  potash,  and  is  a  valuable  source  of  nitrogen. 

Dried  Blood  consists  of  blood  obtained  from  slaughter- 
ing animals.  It  is  prepared  for  market  by  evaporating,  dry- 
ing and  grinding,  and  contains  from  10  to  15  per  cent,  of 
nitrogen. 

Tankage  is  the  dried  and  ground  refuse  of  meat  can- 
neries; it  contains  from  7  to  8  per  cent,  nitrogen,  with  a 
similar  amount  of  insoluble  phosphoric  acid. 

Hoof  Meal  and  Horn  Dust  contain  from  10  to  15  per 
cent,  nitrogen  and  2  per  cent,  phosphoric  acid.  In  their 
raw  state  the  nitrogen  is  too  nearly  insoluble  to  be  of  appre- 
ciable benefit  to  crops. 

Leather  Scraps  and  Leather  Meal  are  waste  products 
from  various  factories.  The  nitrogen  is  not  available.  In 
some  States  the  sale  of  fertilizers  containing  leather  or  hoof- 
meal  and  horn  dust  is  prohibited. 


SOURCES   OF  POTASH* 

Sulphate  of  Potash  is  a  manufactured  salt  from  the 
products  of  the  Stassfurt  mines  in  Germany,  and  contains 
from  48  to  51  per  cent,  of  actual  potash. 

Muriate  of  Potash  is  another  manufactured  product 
and  contains  from  50  to  55  per  cent,  of  actual  potash. 

Sulphate  of  Potash=Magnesia  is  a  product  of  lower 
grade,  containing  from  26  to  28  per  cent,  of  actual  potash. 
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It  also  contains  from   32   to  36   per  cent,   of   sulphate   of 
magnesia. 

Wood  Ashes  vary  in  strength  from  3  to  7  per  cent,  of 
potash,  and  from  i  to  2  per  cent,  phosphoric  acid. 


RESULTS  OF  FERTILIZER  EXPERIMENTS 
WITH  SUGAR  CANE. 

An  interesting  series  of  fertilizing  experiments  were  con- 
ducted by  Dr.  Walter  Maxwell,  Director  of  the  Hawaiian 
Experiment  Station,  located  near  Honolulu,  which  Experi- 
ment Station  was  established  and  is  maintained  solely  for 
the  purpose  of  investigations  connected  with  the  cultivation 
of  sugar  cane.  Much  of  its  observation  and  study  pertains 
to  the  proper  fertilization  of  this  crop. 

The  experiments,  in  conformity  with  the  plan  described  in 
the  preceding  chapter,  were  made  by  dividing  a  certain  area 
into  experimental  plots,  each  of  which  received  a  different 
application  or  combination  of  fertilizers;  the  results  were 
carefully  ascertained  by  weighing  the  crop  as  well  as  by 
analyzing  the  product  as  to  its  sugar  contents,  purity  of 
juice,  etc.  The  trials  were  made  with  two  kinds  of  cane, 
Lahaina  and  Rose  Bamboo,  which  are  largely  cultivated  in 
Hawaii. 

The  results  of  these  experiments  are  condensed  in  the 
following  tables,  which  exhibit  a  summary  of  an  average 
yield  of  these  two  varieties: 
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RESULTS  OF  EXPERIMENTS  ON  PLANT  CANE 
HARVESTED  IN   t899. 


KIND    OF    FERTILIZERS  POUNDS  OF 

CANE 
APPLIED.  pgjj  ACRE. 

Potash,  Phos.  Acid  and  Nitrogen. . . .  171,520 

Potash  and  Nitrogen 182,200 

Potash  and  Phos.  Acid 170,120 

Phos.  Acid  and  Nitrogen 170,040 

Potash 171,280 

Phosphoric  Acid 144,480 

Nitrogen 1 72,040 

Unfertilized 140, 880 


PER  CENT. 
SUCROSE 
IN  CANE. 

POUNDS  OF 

SUGAR 
PER  ACRE. 

14.89 

25,493 

14 

95 

27,230 

14 

73 

25,041 

14 

41 

24,466 

14 

73 

25,201 

15 

15 

21,842 

15 

12 

25,463 

15 

52 

21,832 

RESULTS  OF  EXPERIMENTS  ON  RATTOONS 
HARVESTED  IN   J900. 


KIND    OF   FERTILIZERS  POUNDS  OF 

CANE 
APPLIED.  PEK  ACRE. 

Potash,  Phosphoric  Acid  and  Nitrogen  221,297 

Potash  and  Nitrogen 222, 134 

Potash  and  Phosphoric  Acid 153,063 

Phosphoric  Acid  and  Nitrogen 210,161 

Potash 151.780 

Phosphoric  Acid 144,715 

Nitrogen 174,636 

Unfertilized 126,424 

Average 175,526 


PER  CENT. 

POUNDS  OF 

SUCROSE 

SUGAR 

IN  CANE. 

PER  ACRE. 

13.30 

29,265 

13.85 

31,008 

14-55 

22,272 

13.53 

28,463 

15.81 

23.985 

15.65 

22,639 

14.10 

24,631 

16.65 

21,086 

14.68 


25,419 
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Referring  to  the  last  table,  the  amount  of  plant  food 
applied  per  acre,  where  complete  fertilizer  was  used,  was: 
182  pounds  nitrogen,  255  pounds  potash  and  148  pounds 
phosphoric  acid. 

The  following  ingredients  would  furnish  these  amounts 
of  nitrogen,  potash  and  phosphoric  acid: 

1 137  lbs.  Nitrate  of  Soda,  or  in  place  of  the  Nitrate 
of  Soda,  920  lbs.  Sulphate  of  Ammonia. 

510  lbs.  Sulphate  of  Potash. 

1000  lbs.  Acid  Phosphate. 

The  deductions  from  a  study  of  the  above  noted  results 
are  obvious  and  plain.  The  unfertilized  plots,  naturally, 
gave  the  lowest  yields,  while  both  in  the  plant  and  rattoon 
crop  the  plots  fertilized  with  potash,  combined  with 
nitrogen,  gave  the  highest.  The  figures  given  are  not 
misleading  if  it  be  sharply  kept  in  mind  that  this  total 
amount  of  sugar  produced  by  the  cane  per  acre  repre- 
sents all  the  sugar  contained  in  the  cane,  but  does  not 
represent  available  sugar  or  that  which  could  have  been 
obtained  from  this  same  cane  in  the  sugar-house.  The  sugar- 
house  amount  varies  considerably  in  different  factories,  and 
in  the  best  factories  (in  Hawaii)  is  not  over  86  per  cent,  of 
the  total  sugar  contained  in  the  cane.  If  S6  per  cent,  be 
taken  as  a  basis,  the  amount  of  sugar  obtained  at  the  fac- 
tory, on  the  plots  where  nitrogen  and  potash  was  applied, 
was  23,417.8   pounds   per    acre  from  the  plant    cane,   and 
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26,666.8  pounds  from  rattoons,  against  18,775.5  pounds 
and  18,133.9  pounds  where  no  fertilizer  was  used.  The 
increase  over  the  unfertilized  plots  on  the  same  basis 
amounted  to  4,642.3  pounds  and  8,532.9  pounds  respec- 
tively, or  in  other  words,  by  the  use  of  potash  and  nitrogen 
an  actual  increase  of  2.3  tons  of  sugar  per  acre  was  obtained 
from  the  plant  cane,  and  an  increase  of  4.3  tons  of  sugar 
per  acre  from  the  rattoon  crop. 
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Composition  of  Fertilizer  Materials  Used 
as  5ources  of  Nitrogen. 


Nitrate  of  Soda 

Sulphate  of  Ammonia. . . , 
Dried-Blood  (high  grade) 
Dried-Blood  (low  grade) 
Concentrated  Tankage . . 

Tankage 

Tankage 

Dried  Fish  Scrap 

Cotton-Seed  Meal 

Castor  Pomace 

Tobacco  Stems 


Nitrogen. 


15 

19 

12 

10 

II 

5 

9i 

5 
2 


to  16 
"22 

"  12-1 

"  11' 

"I4i 
"  6 

"9 
I  [ 

7* 
6 

3 


Equivalent 

in 
Ammonia. 


18  to  19I 

23   "  26 

12   '•   14^ 

i3i  "  15 
"7i 
"  II 

"  I3i 
"9 

"7i 
"4 


6 
9 

Hi 

8 
6 

2\ 


Potash 
(K2O  ) 


5  to 


PhosphoricAcid 
Total. 


3    to 

I      " 

II      " 


5 
2 

loi 

8 


2% 

2% 

about  1% 


Composition  of  Fertilizer  Materials  Used 
as  Sources  of  Phosphoric  Acid. 


So.  Carol 'a  Phos.  Rock 

So.     Carolina    Acid 
Phosphate 

Florida  Land  Rock.  . 

Florida  Pebble  Phos- 
phate  

Florida     Acid     Phos 
phate 

Tennessee  Phosphate 

Tennessee  Acid  Phos- 
phate  

Bone-Black  (spent). . . 

Bone-Black(dissolved) 

Bone-Meal 

Bone  (dissolved) 

Peruvian  Guano 


Nitro- 
gen. 


Equiv- 
alent in 
Ammo- 
nia. 


2it04J 
2"3 
6"IC 


3  to5| 

2i"3+ 

71-I2 


Potash 


iito4 


Phosphoric  Acid. 


Total.     Available  Insoluble 


26  to  27 

13  "  16 

33  "35 
26  "  32 

14  "19 

34  "39 

14  "19 

32  "35 
17  "19 
20  "  25 

15  "17 
10  "  15 


12  to  15 


13  to  16 


1 3  to  16 


16  to  17 

5  "8 
13  "15 

8 


26  to  27 


"3 

"  35 
"  32 


I  "  3 


"  39 
"3 

"  35 
"  2 

"  17 

"  3 

"  7 
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Composition  of  Fertilizer  flaterials  Used  as  Sources   of 

Potash. 


Pure 
Potash 
(K2O.). 
PerCt. 

Lime 
Per  Ct. 

Nitro- 
gen 
Per  Ct. 

Ammonia 
Per  Ct. 

Phosp'ric 
Acid, 
Total, 

Per  Cent. 

Chlorine 
Per  Cent, 

Muriate  of  Potash. 

50 
5oto55 
27  "  30 

iH 

I2i 

r6"  20 
20"  30 
43  "45 

2"8 

I  "  2 

5"8 

45  to  48 

Sulphate    of    Potash 
(high  grade) 

Sulphate    of    Potash 
Magnesia 

Carbonate  of    Potash 
Magnesia. 

0.3  "  I  5 

0.S5 

1.5  "2.5 

Kainit              

I  .  12 

30  "  32 

Svl  vinit 

42  "  46 

Cotton  -  Seed  -  Hull 

10 

3oto55 

35  "40 
3-5 

7  to  8 

Nitrate  of  Potash  or 
Saltrv6>ter 

I3toi4 

16  to  1 7 

Wood  -   Ashes    ( un- 
Ipaohed) 

I  to  2 
I  toi^ 

Wood- Ashes  (leached) 
Tobacco-Stems 

2t03 

2ito3i 

Average  Composition  of  the  flost  Important 
Farm  flanures. 


FARM  MANURES. 

Nitrogen. 

Equivalent 

in 
Ammonia. 

Pota«;h 
(K,0.) 

0.40 
0.  53 
0.67 
0.60 
0.85 
0.63 

Phosphoric  Acid. 
(P2O5) 

Total. 

Lime.  (CaO) 

Cow-Manure  (fresh).  .  . 
Horse-Manure  (fresh) . . 
Sheep-Manure  (fresh) .  . 
Hog-Manure  (fresh)  .  .  . 

Hen-Dung  (fresh) 

Mixed  Stable  Manure . . 

0.34 
0.58 
0.83 

0.45 
1.63 
0.50 

0.41 
0.70 
1. 00 

0.54 
T.98 
0.60 

0.  16 
0.28 
0.23 
o.iq 

1-54 
0.26 

0.31 
0.21 

0.33 
0.08 
0,24 
0.70 
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